To study the relationship between environmental variables and chlorophyll a of spring algal bloom in Xiangxi Bay of Three Gorges Reservoir, stepwise multiple binomial regression and grey relative analysis methods were adopted. In surveys, 13 stations have been investigated and 143 samples were collected weekly from March 4 to May 13 in 2007. The study shows environmental variables (turbidity, total nitrogen, dissolved oxygen, total phosphates and silicate) are key factors during algal bloom. The grey relative values and their permutation indicated that turbidity was the most important factor and had comprehensive effect on chlorophyll a. The more number of interactive variables is found to be an indication of biochemical activity during spring algal bloom in Xiangxi Bay such as DO×TN, Turb×TP and so on. There was good linear relationship between chlorophyll a and the interaction of DO with TN (
Introduction
Biomass of phytoplankton in terms of the concentration of chlorophyll a is one of the most widely accepted methods in the study of biological production as it indicates total plant material available in the water at primary level of food chain [1] . Hence the growing and declining condition of algal bloom can be described by the spatial and temporal variation of chlorophyll a. There are many study methods to the relationship between chlorophyll a and physicochemical factors such as stepwise multiple regression analysis [2] , grey relative analysis [3] and artificial neural network [4] . Chlorophyll a can be related to the environmental parameters by means of linear regression, though it provides only the prediction efficiency of a single factor at a time [5] [6] [7] . But the algal bloom is the multivariate interaction and nonlinear process. So a number of factors jointly controlling the bioactivities are to be considered.
Grey theory can reflect the dynamic state of data and has been broadly applied in the last decade since Deng Julong suggested the division of systems information to white, grey and black [8] . The systematic analytical method of grey theory was used to study the relationship between biomass of Noctiluca scientillans Macartney or Prorocentrum sigmoides Bohm (two red tide organisms) and various physicochemical factors of seawater [9, 10] .
Recently the relationship between chlorophyll a and environmental factors in Xiangxi Bay of Three Gorges Reservoir form March to April in 2005 were reported [6] . They showed that ecological factors (including total nitrogen, total phosphorus, water temperature, transparency and dissolved oxygen) had significant impact on the concentration of chlorophyll a using correlation analysis and linear regression method. But the multivariate interaction and nonlinear process in the algal bloom were not considered in the previous work. So this present paper aims to study: (1) controlling and interactive factors of chlorophyll a, (2) nonlinear interrelationship between physicochemical parameters and chlorophyll a of spring algal bloom in Xiangxi Bay. In order to achieve this, stepwise multiple binomial regression method and grey relative analysis are adopted.
Materials and Methods

Area Description
The Three-Gorge Dam (TGD) in China is the world's largest dam, measuring 2335 m long and 185 m high, and the reservoir created by it will have an area of 1080 km 2 in 2009 [11] . The Xiangxi River, which lies 38 km upstream from the Dam, is the largest tributary in the Hubei portion of Three-Gorge Reservoir (TGR). This river is 94 km long with a watershed of 3099 km 2 (between 110°25′and 111°06′E long., 30°57′and 31°34′N lat.) [12] . With impoundment of TGR, the downriver stretch of Xiangxi River was inundated and Xiangxi Bay was formed. The water level in the Xiangxi River has increased 40 m and the water flow velocity has dropped from the original 0.43-0.92 m/s [13] to 0.0020-0.0041 m/s [14] . So when water temperature increased in spring, there were algal blooms with prolonged retention time and high nutrient concentrations in Xiangxi Bay. A. Formosa, C. acuta and C. ovata were the dominant species.
Sampling and Analysis
Water samples were collected at 13 stations in Xiangxi Bay (Figure 1 ). Stations X0-X11 are on the Xiangxi River. Station GL is located at the downstream of Gaolan River, which is the largest tributary of the Xiangxi River. Samplings were performed weekly from March 4 to May 13, 2007 . Water samples were collected at 0.5 m depth from surface in the middle of the river using a 5-L Niskin sampler (Hydrobios-Kiel). Water temperature (WT), dissolved oxygen (DO), pH, turbidity (Turb) were recorded in situ using multi-parameter water quality analyzer (Hydrolab DS5). Total phosphates (TP), phosphate (PO 4 ), total nitrogen (TN), ammonium nitrogen (NH 4 ), nitrate (NO 3 ), silicate (SiO 4 ) were determined in the laboratory using State Environmental Protection Administration (SEPA) standard methods [15] . For chlorophyll a (Chl.a) analysis, samples filtered through Whatman GF/F filters were extracted with cold 90% acetone and estimated by spectrophotometer [16] . 
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Statistical Analysis Using Stepwise Multiple Regression
Method of choosing the minimal set of environmental variables that can explain the variation in the affected parameter [17] was adopted earlier. A modern approach to explore the possible influence of various environmental variables on phytoplankton dynamics is the application of a multivariate statistical analysis [18] . These methods are widely used in ecological studies and have proved to be useful for understanding interactions between ecological factors that influence phytoplankton production. In this study, an attempt is made to include the individual factors, second order and interaction effects of the environmental parameters viz:
3 ) in the predictive model. A stepwise multiple regression analysis is applied using phytoplankton (Chl.a) as the dependent variable, while individual, second order and interaction effects of the above listed environmental parameters as the independent variables, to examine the controlling role of any particular parameter or group of parameters on phytoplankton biomass.
Grey Relative Analysis
Based on the above investigation, chlorophyll a concentration (mg was used as the analyzed 
. The calculation method [19] of grey system relative degree is as follows: All the sequences are initiated for making them comparable. Let the analyzed sequence be:
where
So the comparative sequences are:
where distinguished coefficient. Here we take it as 
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Based on grey relative analysis, Turbidity was the most important factor i ehensive effect on chlorophyll a. As the low turbidity value chlorophyll a was in high level ( Figure 2 ) because light illuminance under clear water was high and beneficial to phytoplankton photosynthesis [20] . When it rained from April 15 to April 22 in Xiangxi Bay, turbidity and silt increased, light illuminance under water decreased. Meanwhile, nutrients such as phosphates were adsorbed by silt in the river (interactive factor Turb×TP was included in Equation 5 ). So algal bloom declined.
Nitrogen entering aquatic systems arises from a variety of sources that include point and non point sour llution, biological fixation of gaseous nitrogen and the deposition of nitrogen oxides and ammonium [21] . Mean 
) and there was good line -ophyll a and the interaction of DO with TN (DO×TN) (Figure 3) :
These data indicate nitrogen transformation by DO plays an important role in phytoplankton growth and the soluble nutrients may be effectively uptake by phytoplankton.
The relationship between chlorophyll a and dissolved oxygen was nonlinear (Figure 4) , which regression model was as follows:
It was due to the increase of oxygen which was released during phytoplankton photosynthesis [22] and the decrease of oxygen which was consumed by organic matter [23] .
Total phosphate and silicate were also important factors to chlorophyll a. Mean values of TP and SiO 4 in Xiangxi Bay were mg/L and mg spring algal bloom. The phosphate load was high and increased from downstream to upstream because there were phosphate mines and phosph iver [24] . Diatoms were the dominant species during P×SiO 4 , TN×SiO 4 ) had significant influence to pecific competition at different nutrient concentrations, because their intakes we pecies specific [25] . So the relationship between diffe nt algal ecies den ies and different nutrien concent uld be stu ied in the futu work.
Conclusions
The study using stepwise multiple regression and grey relative analysis method shows the significant influence of environmental variables (turbidity, total nitrogen, dissolved oxygen, total phosphates and silicate) and their interactions on the production of chlorophyll a. The grey relative values and their permutation indicated that turbidity was the most important factor and had comprehensive effect on chlorophyll a. The more number of interactive variables is found to be an indication of biochemical activity during spring algal bloom in Xiangxi Bay such as DO×TN, Turb×TP and so on. There was good linear relationship between chlorophyll a and the interaction of DO with TN (DO×TN). The interaction of nutrients (TP×TN, TP×SiO 4 , TN×SiO 4 ) had significant influence to chlorophyll a and probably determined the inter-specific competition at different nutrient concentrations. 
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